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1Q amr~c Rats studied during restraint were found to go throiqh 
three motor phases: continuous, uncontrolled agitatih; par- 
oxymal, intermittent agitation; and prolonged inertia. There 
was no correlation between the release reaction and tke inci- 
dence of ulcers, mortality, or weight loss. It may be concludc 
that the release reaction is not the pathogenic stimulas ia re. 
straint and is not related 'LO it. A quantitive assessment of 
the psychological stimulus imposed by onforcec? immobilization 
was attempted on 503 normal arld 400 vigotomized rats, confined 
in five different volumes from 360 tc 7350 ml. The smaller thc 
restraint space, the more frequent th-4 ulcers. There vJas a 
statistically significant difference setween normal and vsgoto. 
mized rats, the slope of the regression line being flatter in 
the latter. 



EXPERIMENT,U "RFSTRAINT ULCER" I N  T9E WHITE 3AT 
T I I .  STUDY AND ANALYSIS OF THE PART PLAYED BY CERTAIN 

PSYCHOLOGICAL FACTORS 

S. B o n f i l s ,  G. Liefooghe, X. Gelle, M. Dubrasquet, 
A. Lambling with the t echn ica l  c o l l a b o r a t i o n  of N. Enjolvy 

[Gastroenterology Center,  Bichat Hospi ta l  (A. Lambiing Dept.) , 
Gastroenterology Research Unit  of t h e  N a t i o n t i  I n s t i t u t e  of 

Hygiene, Faris] 

The close r e l a t i o n s h i p s  between gastric m o t i l i t y ,  s e c r e t i o n ,  ,571* - 
and t r o p h i c i t y  on  the one hand and c e r e b r a l  a c t i v i t y  on the 
o t h e r  have been s t u d i e d  f o r  more than f i f t y  yee r s ;  the r e s u ' t s  
observed supported both t h e  Pavlovian and psychoanalyt ic  theories 
of p e p t i c  u l c e r  d i s e a s e  i n  man. 

H o w e v e r ,  i n  the accounts of t h e  innumerable methods l i k e l y  
to t r i g g e r  g a s t r i c  lesions i n  animals,  it is r a r e  t o  f i n d  a 
s tudy  of t h e  psychological  f a c t o r s  involved or  even an a n a l y s i s  
of the an ima l ' s  behavior during experiments. Only tests specifi- 
c a l l y  o r i e n t e d  i n  t h i s  d i r e c t i o n ,  such as those  of  Levrat and 
Lambert [12] f o r  example, escape t h i s  criticism. 

This is p a r t l y  due t o  under ra t ing  t h e  i i n p r t a n c e  of psycho- 
l o g i c a l  processes i n  the animal .  It is also because of the 

d i f f i c u l t  techniques used i n  such studjes:  some a r e  r a p i d l y  
l e t h a l ,  some involve complex and mul t ip l e  s t i m u l i ,  of which many 
employ pathogenic ( toxic ,  s u r g i c a l  o r  other) a z t i o n s  whose casua l  
r e l a t i o n s h i ?  w i t h  t he  gastric les ion  is ev iden t  and appears t o  
be predominant. 

From t h i s  viewpoint t h e  " r e s t r a i n t  u l c e r "  technique is of 
t h e  t r i g g e r i n g  s t imulus  is very  easy  q u i t e  remarkable f a c i l i t y :  

to  b r i n g  about and reproduce over long e e r i e s ;  t h e  l e t h a l i t y  it 

"Numbers i n  the margin i n d i c a t e  pagina t ioa  i n  klce fo re ign  t e x t .  



causes  is very l o w ;  variations i n  frequency of lesions as a 
func t ion  of the du ra t ion  o f  r e s t r a i n t  enable  both p r o t e c t i v e  and 
aggravat ing factors to be s t u d i e d  [ 4 ,  7 ,  10, 13;; pathogenic 
ag res s ion  uses  n e i t h e r  surgery  nor drug or t o x i c  a c t i o n .  

These being t h e  circumstances,  it was easy for us f i r s t  to  
analyze the animal 's  behavior.  The r e s u l t s  of t h i s  s tudy ,  
supplementing our  previous reports [ 2 ,  5 ,  111  led us t o  minimize 
the importance of genera l  motor r e a c t i o n s  as a pa.3ogenic factor. 
The " r e s t r a i n t "  s t imulus a c t s  by i tself ;  this w a s  confirmed by 
our  observa t ions  upon inc reas ing  the volume of restricted space ,  
and repea t ing  the s t imulus on t h e  same animal. 

Thus our  var ious  conclusions invoking the im;?ortance of 
the psychological  f a c t o r  i n  t h e  genes is  of t h e  experimental  
" r e s t r a i n t  u l c e r "  seem t o  have a s o l i d l y  foundation. 

I. AVALYSIS OF THE RAT'S BEHAVIOR DURING RESTRAINT: THE RELEASE 

a) Overall Descr ipt ion - 
animals a succession of t h r e e  s t ages :  

1. Continuous uncont ro l led  a g i t a t i o n  : t h i s  phase co inc ides  

REACTION 

Generally speaking, w e  observe i n  the major i ty  of 

f i r s t  of a l l  w i t h  the animal 's  awakening from anes thes i a  which, 
even without  stress, i s  accompanied by v i o l e n t  motor reactions. 
B u t  t h i s  a g i t a t i o n  cont inues f a r  beyond waking, for a period 
of betweea f i f t e e n  and f o r t y - f i v e  minutes. We see v i o l e n t  starts 
throughout the body, a l t e r a t i r i g  wi th  sharp head and paw move- 
ments. The corset conf ines  these mvements,  as does the absence 
of  something f o r  the paws tc push a g a i n s t .  

2 .  I n t e r m i t t e n t  paroxysmal a g i t a t i o n .  T h i s  s t a g e  comes 
next .  
and head, of f a i r l y  s h o r t  du ra t ion  ( f i v e  to  twenty seconds) .  
Between a t t a c k s  the animal is completely a t  rest, i t s  eyes closed, 
with inc reas ing  i n e r t i a  a s  r e s t r a i n t  cont inues.  

It  is cha rac t e r i zed  by movements of t h e  haunches, paws, 1572 
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However i f  one merely s t r o k e s  i ts  muzzle l i g h t l y  or  squeezes 
a paw the animal has a clear waking reaction or  even a paroxysmal 
a g i t a t i o n  cr is is .  

The presence i n  the l abora to ry  of rats underqoing other 
experiments,  squeaking and s t r u g g l i n g  during i n j e c t i o n s  or when 
they are sacrificed, seems to inc reas5  the frequency of attacks. 
This frequency f a l l s  off  as r e s t r a i n t  cont inues.  

When the r e s t r a i n t  is kept  up for seven hours ,  the animal 
r e t 3 i n s  this behavior as long  as t h e  experiment l as t s .  I f ,  

howevsr, it i s  continued t o  twenty-four hours ,  t he  th i rd  s t a g e  
occurs i n  50% of cases, b u t  the t i m e  it begins  varles widely 
from one animal tc another .  

3 .  Prolc.iged i n e r t i a :  the ra t  make5 no movement a t  a l l .  
I t  m a k e s  a s l i gh t  withdrawal movement when a paw is squeezed, 
and usua l ly  tries to  b i t e  when i t s  muzzle is touched. 

However, t h i s  Is n o t  t o t a l  exhaustion: once r e l e a s e d ,  the 
animal usua l ly  recovers  normal m o t i l i t y  i n  a s h o r t  t i m e :  three 
to four hours. A small wsmber 02 rats (less than 1 0 % )  a t  t h i s  
s t a g e  die wi th in  the twenty-four haurs  fol lowing removal of the 
r e s t r a i n t  i n  spite of being re leased .  

4 .  L e t h a l i t y  dur ing  r e s t r a i n t .  Mcr t a l i t y  is remarkably 
l c w ,  which i s  adequately explained by the benignness of the 
pathogenic f a c t o r  imposed on the animal: t h e  aksence of a p r i o r  
f as-c, and p a r e n t e r a l  hydrat ion a t  the beginning of r e s t r a i n t .  
I t  is 5.3% f o r  t h e  twenty-four-hour r e s t r a i n t  and 3% f o r  the 
seven-hour restraint .  

On t h i s  p a i n t  we may no te  that c e r t a i n  ra t s  seem l i t e r a l l y  
unable t o  bear r e s t r a i n t :  they very r a p i d l y  e n t e r  t h e  prolonged 
i n e r t i a  phase and d i e  i n  f a i r l y  short pe r iods ,  almost always 
having s u b s t a n t i a l  g a s t r i c  !esions. This explainr, t h e  fact t h a t  
m o r t a l i t y  is no t  s u b s t a n t i a l l y  greater for t h e  twenty-four-hour 
than f o r  the seven-hour r e s t r a i n t .  
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b) Quantitative Assessment of Release Reaction 
The s t e reo type  of the animals '  a g i t a t i o n ,  even dur ing  Phase 

I ,  makes it easy to  set up apparatus  t o  reccrd the number of 
paroxysmal a t t a c k s  t o  e s t ab l i sh  a p a r a l l e l ,  i f  any, between the 
s i z e  of the motor reaction ana the frequency of u l c e r a t i o n .  

Technique 
Figure 1 shows the appara tus  used. Pneumographic record- 

ing  is done under p o s i t i v e  (no t  nega t ive)  p re s su re  due to  the 
heavy drag  on the animal 's  rear paws. 

by t h e  conducting w i r e  as,  during attacks, the r a t  tends t o  
draw i t s  psws underneath it. 

The paws must be stretched 

[Figure i n d i s t i n c t  i n  o r i g i n a l . ]  

Figure 1: Motor a c t i v i t y  of the rat during r e s t r a i n t :  racord- 
ing  techniques.  
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The frequency of acc iden t s  dur ing  record ing  attests to  the  

i n t e n s i t y  of t h e  :-aroxysms. Actual ly ,  for a given s t a g e ,  the  
i n t e n s i t y  i s  f a i r l y  cons t an t  (Figure 2 ) .  T h i s  Is p a r t i c u l a r l y  
v a l i d  f o r  Phase 11, dominant i n  this q u a n t i t a t i v e  system of 
assessment  of the release r e a c t i o n .  

-. . Stage 111 

I I . , . .  - #LI  bJ&L I -. I , I t 1  1 . 1  
- 

7 LA Stage XI 

Figure 2. Motor a c t i v i t y  of r a t  during r e s t r a i n t :  traces of 
t h r e e  phases. 

W e  thus  confined ou r se lves  t o  count ing t h e  number of /573 
paroxysmal a t t a c k s  wi thout  regard t o  t h e i r  i n t e n s i t y  which, pro- 
vided i t  exceeded a certain threshhold  va lue ,  w a s  a r b i t r a r i l y  
f ixed  once and f o r  a l l .  

Resu l t s  
One hundred and t e n  record ings  were made, namely: seven- 

hour r e s t r a i n t :  4 2 ,  with  recording throughout r e s t r a i n t ;  twenty- 
fou r  hour r e s t r a i n t :  6 8 ,  recording f o r  the first four  and las t  
three hours. 
a)  I n t e n s i t y  of release r e a c t i o n  i n  the first fou r  hours. 

hours and twenty-four hours) we obtain the fol lowing r e s u l t s :  
For the f i r s t  four  hours of a l l  the c o n t r o l  series (seven 
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80% of the  an imals  had 106 t o  260 motor attacks, and 50% of them 
had 125 t o  225 motor a t t a c k s .  

I n  t h e  f irst  four honrs  of a l l  series (seven hours and twenty- 
four  hours) which underwent a d d i t i o n a l  t rea tment  o r  surgery 
(adrenalectomy, mephrectomy , cor t i co the rapy)  w e  observe a dis-  
t r i b u t i o n  s t r i c t l y  i d e n t i c a l  t o  that of the  c o n t r o l s .  

O f  t he  total  of s i x t y - f i v e  an imals  belonging t o  the  t w o  
above groups, w e  obtain a bell-shaped d i s t r i b a t i o n  curve showing 
the s t a b i l i t y  of t h e  r e l e a s e  reaction through the series that  
showed wide v a r i a t i o n s  i n  frequency of g a s t r i c  l e s i o n s .  

b) 
[Figure 3 ) .  

I n t e n s i t y  of release reaction during seven-hour r e s t r a i n t  

The motor attacks could  be eva lua ted  throughout the  du ra t ion  
of r e s t r a i n t  i n  forty-two animals,  either z o n t r o l s  or those who 
had undergone the aaove t rea tments .  

The bell-shaped d i s t r i b u t i o n  i s  abso lu te ly  r egu la r :  71% 
of the ra t s  had 90 to 330 motor a t t a c k s .  

Althouyh w e  d i s t i n g u i s h  between 
an ima l s  w i t h  u l c e r a t i o n  ( 1 4 )  
and animals without  u l c e r t a t i o n  

remains i d e n t i c a l :  the  pre- 
ceding percentage is respec- 
t i v e l y  6 5 %  and 75%. 

‘90 ’,rOtngsammm~ (28)  t he  type of  d i s t r i b u t i o n  

/57 4 - I n t e r p r e t a t i o n  
Although the r e s u l t s  are from 
a f a i r l y  smal l  number of an i -  
mals, they  permit  us t o  con- 
c lude tha t  the frequency of 

nogo n in zn 3u ut 
m m ~ W I Q 0  

r e s t r a i n t  u l c e r s  bears no 

of the release reaction. 

Figure 3. Motor a c t i v i t y  of the 
r a t  during r e s t r a i n t :  frequency r e l a t i o n s h i p  t o  the i n t e n s i t y  
of paroxysmal attack- over seven 
hours ,  a l l  a e r i e s  ct- ined.  A 
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basic argument i n  support  of this op in ion  w i l l  be suppl ied  by the 
data obta ined  wben w e  var ied  the  volume af r e s t r a i n t ,  which we 
w i l l  d i s c u s s  f u r t h e r  on. 

T h e  same a p p l i e s  t o  a o r t a l i t y  during r e s t r a i n t :  decrease 
occurs  i n  s u b j e c t s  w i t h  ear l ier- than-average i n e r t i a  whose motor 
r e a c t i o n  i s  sometimes confined t o  t h e  a g i t a t i o n  on wakiny from 
anes thes i a .  

11. VARIATIONS I N  FREQUENCY OF GASTRIC ULCERATION ACCORDING 
TO THE VOLUME OF RESTRAINT SPACE: THE RESTRICTION IMPOSED 

Althoagh motor r e a c t i o n  to  immobilization i . ~  nc'; t h e  
causa t ive  fac%or of r e s t r a i n t  u l c e r ,  w e  are compelled t o  recog- 
n i z e  t h a t  immobilization, by i t s e l f ,  i e  a pathogenic e lement .  
W e  should remember t h a t  the r a t  is an animal w i t h  spontaneous 
and cons iderable  motor a c t i v i t y :  i t s  d a i l y  t r a v e l  amounts t o  
s e v e r a l  kilometers. When we restrict t h i s  t r a v e l  w e  a r e  c e r t a i n l y  
in t roducing  a grave p e r t u r b a t i o n  t o  the l i f e s t y l e  of the  animal. 

T h i s  "imposed restriction" i s  obviously maximal during t h e  
res t ra in t  obta ined  by a corset, as we described above. However, 
when w e  in t roduce  t h e  animal i n t o  cages of  d i f f e r e n t  volumes 
with varying degrees  of  f r e e  space,  it is p o s s i b l e  t o  givs t h i s  

"imposed r e s t r i c t i o n "  a variable q u a n t i t a t i v e  value.  

W e  might then th ink  t h a t ,  if the inc idence  of g a s t r i c  u l c e r s  
i s  a func t ion  of t h i s  r e s t r i c t i o n ,  modi f ica t ions  i n  frequency of  
l e s i o n s  w i l l  be observed according t o  t h e  d i f f e r e n t  tsolumes of 
res t ra in t .  This i s  the b a s i s  o f  t h e  tests described above, 
supplementing our previous tests ( 2 1 .  

Techn C q u e  
After  anesthesia and i n j e c t i o n  of phys io logica l  serum, i n  

the same manna as f o r  the s tandard  r e s t r a i n t ,  t he  r a t  is i n t r o -  
duced i n t o  one of t h e  chosen spaces ,  kept there f a s t i n g  for 
twenty-four hours ,  then  s a c r i f i c e d .  
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The s tudy was a comparative one of f i v e  h u d r a d  and f o r t y -  
t h r e e  normal she - ra t s  and one hundred and one vagotomized she- 

r a t s  (weight of animals between 140 ar.d 1 9 0  9 ) .  The vagotomy 
was performed abdominally etween t e n  and f i f t e e n  days before  the 

s t a r t  of the experiment. 

Five types of r e s t r a i n t  volume were s t ad ied :  369, 560, 750, 
1260, and ?350 m l .  W e  should remember t h a t  t h e  vol\zme of a 
170 gram t? t  is 180 m l .  

These spaces  were de l imi ted  i n s i d e  ord inary  cages by moving 
mobile p a r t i t i o n s  placed along t h e  cage ' s  width,  and g l a s s  rods 
threaded through t h e  holes  i I :  t h e  chicken-wire to d e l i m i t  t h e  
a v a i l a b l e  he igh t  and length  (Figures  4 ,  5,  and 6 ) .  However, 
t h e  7350 ml volums is t h e  whole of one small cage i n  which the 
animal is completely f r e e .  

Schematical ly ,  the volume characteristics are as fol lows:  
1260 m l :  width 7 cm; l e n g t h  23 cm; h e i y h t  7.8 c m ;  the 

r a t  can t u r n  around easi1.y. 

7650 m l :  width: 5 c m ;  l eng th ,  21 cm;  h e i g h t ,  7.3 c m ;  
t he  ra t  t u r n s  around wi th  scime d i f f i c u l t y ,  however he can p l ay  
with the glass rods which m a k e  a hor izof i ta l  c e i l i n g  and s l i d e  
them to  f r e e  hinsc i f  i f  they are n o t  joined toge the r  by a s t r i p  
of s t i ck ing -p la s  ter . 

560 m l :  width 7 cm;  l eng th  and he ighr  determined by t h e  
r a t  i t s e l f  whose shape is molded by t h e  succession o f  glass rods. 

360 m l :  widtn,  4.5 c m ;  l eng th  and he igh t  according to  t h e  
same f a c t o r s  as  t h e  560 case. 

The paroxysxtial release r e a c t i o n s  do n o t  take place  f o r  
volumes 1260 and 760. They are s l i g h t  or non-exis tent  f o r  the 
o t h e r  t h r e e  spaces; i n  any event  very much smaller than  for ths 
s tandard  re8 t r a i n t  . 
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[Figure i n d i s t i n c t  i n  o r i g i n a l .  

Figure 4 .  R e s t r i c t i v e  cage; side view of volumes 360 ml and 56C ml. 

The r e s u l t s ,  condensed i n  
Table I ,  were analyzed accord- 
ing  t o  the period when the experi- 
ment w a s  performea. This was 
e s s e n t i a l  s i n c e  tests were spread 
over  two years .  

Three Ferj-ods are d i s t i n g -  
uished: per lod I ,  a l l  cf 1958; 
per iod 11, f i rs t  semesier 1959; 
per iod 111, secona senester 1959.  

Resul ts  -- - 
A number oi f b c t s  may be 

deduced by examinatiGn of Table 
I. A s t a t i s t i ca l  a n a l y s i s  w a s  
made, t o  be published i n  a sub- 

sequent ar t ic le .  Here w e  w i l l  

[Figure Fndis t i n c  t i n  
o r i g i n a l . ]  

/5?5 --- 

give  only  t h e  main conclusions 
and t h e  mathematical substan- Figure 5. R e s t r i c t i v e  cage: kop 

view of 360 ml volume. 
t i a t i o n .  
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[Figure i n d i s t i n c t  i n  or ig ina l ]  

F i g u e  6 .  Restrictive cage: aide view of volumes 750 ml ani! 
1260 ml. 

We would first note thak, i n  this table, the s tandard  
restraint  is defined as reducing the cage to  the volume of t h e  
rat, i .e .  180 ml. 

1. Intact Anirea18 (543 she-rats) 
a) Bor the first s ix  volumes chosen, u l c e r a t i o n  frequency 

obslertna had no s t a t i s t i c a l l y  r i g n i f i c a n t  v a r i a t i o n s  as a func- 
tdon of the periods i n  ques t ion  (p c 0 . 0 5 ) .  
triggemd by a precise 'imposed r e s t r i c t i o n "  is thus remarkably 
stab?%. b) There PS a regular inczease  of u l c e r a t i v e  frequency 
according to reduction i n  cage volume. The r e l a t i o n s k ' p  between 
the two phenomna ia s t a t i s t i c a l l y  s i g n i f i c a n t  (E; < 0 . 0 0 1 ) .  c) 

i0 easy to Sed, from Figure 7 ,  that, provided the reciprocal 
Of the Volulge of th cage (l /V) ita plotted on the abscissa, the  
mi% pohm are in almost perfect alignneat ( inc luding  p o i n t  
~ / M O  x go5 of w standarb r e s t r a i n t ] .  

The s t imulus  

*u1c0r fusquoncy/impoesd r e s t r i c t i o n "  r e l a t i o n s h i p  is 
by dl regression l ine  whose equdt ion ( i n  probits) is  



t h e  following: 
i s  f a i r l y  narrow, about 4-5% according to  the po in t s  on the l i n e .  

y = 3.81 t 0.0041 X. The i n t e r v a l  of  confidence 

2 .  Vagotomized Animals (141 she- ra t s )  
a)  The inc rease  i n  frequency of u l c e r a t i o n  as a func t ion  

of reduction of r e s t r a i n t  space i s  a s t h t i s t i c a l l y  established 
phenomenon (p < 0.01). b) I n  the graphic  p l o t t i n g  of the 

phenomenon, the. points a r e  equa l ly  a l igned ,  b u t  according to 
a regression l i n e  wi th  a d i f f e r e n t  slope than t h a t  of the normal 
rats: y = 4.09 + 0.0022 x. 

The interval  of confidence i s  s l i g h t l y  larger than with 
normal rat&*. 

TABLE .. 
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h. 7. 

Figure 7. 
volumetric r e s t r i c t i o n  i n  normal and vagotimized rats. 

Rela t ionship  between frequency of u l c e r a t i o n  and 

I n t e r p r e t a t i o n  
The ex i s t ence  of a mathematical r e l a t i o n s h i p  between the 1576  

reduct ion i n  t h e  volume of restrictive space ana the frequency 
of u l c e r a t i o n  (with both t h e  i n t a c t  and the vagotcmized animals! 
enables  us to conclude t h a t :  1) the release r e a c t i o n  p:ays no 
e f f e c t i v e  role i n  t h e  s u r v i v a l  of u l c e r s  s i n c e  it i s  absen t  for 
t w o  of t h e  volumes chosen, while  t h e  r e s u l t s  ob ta ined  i n  these 
cases agree with t h e  other po in t s  on the reg res s ion  l i n e :  2)  i n  
the standard r e s t r a i n t ,  t h e  s t imulus is confined s t r i c t l y  t o  the 

restriction impos=d, s i n c e ,  f o r  t h e  case of a r e s t r i c t i n g  volume 
i a e n t i c a l  w i th  t h e  rat 's volume, t h e  r e s u l t s  harmonize w i t h  
thcse of the f i v e  other spaces s t u d i e d ;  3)  t h e  restraint causes 
a s t imulus measurable according t o  the space allowed f o r  the 
ani  mal.. 

What pathogenic mechanisms are t r i g g e r e d  by the imposed 
r e s t r i c t i o n ?  One f i r s t  f i nd ing  s tands  ou t :  the  f a c t s  observed 
make a sharp d i s t i n c t i o n  between t h e  r e s t r a i n t  u l c e r  and the 
g a s t r i c  lesions observed during Se lye ' s  genera l  adapta t ion  
syndrome: t h e  a lmost -quant i ta t ive  r e a c t i o n  t o  t h e  " r e s t r a i n t "  
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st imulus is q u i t e  d i f f e r e n t  from the threshold provoked by 
stress as Selye conceived it. 
later. 

We w i l l  come back t o  this p o i n t  

The involvement of t h e  vagus nerve is ev iden t .  Cornparisor, 
between vagotomized and i n t a c t  rats can be ma6e as follows: 
1) the  u l c e r a t i n g  frequency i n  the 482 normal animals (ex- 

cluding t h e  7350 m l  volume bhich has  no coun te rpa r t  i n  the vago- 
tomized animals) i s  s t a t i s t i c a l l y  d i f f e ren t ;  f r o m  tha t  of the 1 4 1  
vagotomized animals (p  = 0.005);  2)  this d i f f e r e n c e  i= i n  fac t  
s i g n i f i c a n t  only for t h e  s tandard r e s t r a i n t  (V = 180 m l )  ( p  < 0.001) 
b u t  t h e  predominance of the animals i n  this series has a reper-  
cussion on the  overall a n a l y s i s  of the r e s u l t s ;  3) however, the 

two regress ion  l i n e s ,  whose o r i g i n s  are almst t h e  sa-, have 
c l e a r l y  d i f f e r e n t  slopes. I n  other words, tha more i n t e n s e  t h e  
r e s t r a i n t  s t imulus the more e f f e c t i v e  the vagotomy. T h i s  seems 
t o  imply t h a t ,  for low-intensi ty  s t imulus ,  t h e  pathogepiz 
r e a c t i o n  does n o t  pass through t h e  vagus. As this st imulus 
inc reases ,  t h e  vagus i s  more and more involved,  and 1argel:r 
respons ib le  f o r  the q u a n t i t a t i v e  na tu re  of the g a s t r i c  l e s i o n  
response. It  thus  acts as the transmitter or' a nerve i n f l u x  
which cannot be of c e n t r a l  o r i g i n .  

1577 - 

Note tha t ,  i n  a r e c e n t  pub i i ca t ion ,  Bredie e t  a l .  16) 
although observing a reduct ion  i n  
vagotomy during a twenty-four-hour r e s t r a i n t ,  believe thar 
t h e i r  r e s u l t s  are no t  s i g n i f i c a n t .  
their series have less than f i f t e e n  animals,  it may be assumed 
t h a t  these authors  were working under cond i t ions  where t h e  
s t imulus was not  s u f f i c i e n t l y  l a r g e  f o r  the vagus e f f e c t  t o  be 
dominant ani: hence vcqotomy e f f e c t i v e .  

-- 
u l c e r a t i v e  frequency a f te r  

Apart from the fact tha t  

W e  w i l l  no t  analyze here  the pathogenic factors involved 
i n  t he  vagotomized animal (thus also i n  the intact animal a p a r t  
from t h e  vagal f a c t c r ) .  We w i l l  a l s o  leave for  a later article 
the  qtudy of how the vagus e f f e c t s  t h e  g a s t r i c  wall. 
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111. EFFECT OF REPEATED RESTRAINT PERIODS: REDUCTION OF 
REACTIVITY TO STIMiJLUS 

The high frequency of l e s i o n s  wi th  twenty-four-hour res- 
t r a i n t s  l eads  one tcj assume t h a t  bot'i the s t imulus  and t h e  
organic  response are cons tan t .  

The phenomenon s % e m s  connected in p a r t i c u l a r  t o  the s p e c i e s  
of anim,l s i n c e  Brodie [ 6 ]  i n  t h e  United S t a t e s  r e c e n t l y  found 
e x a c t l y  ou r  l e s i o n  percentage (86%) i n  t h e  ra t ,  while  t h i s  
f i g u r e  is 92% i n  t h e  mouse, 4 6 %  i n  the guinea p i g ,  and o n l y  4 %  

i n  t he  hamster. 

Confining ou r  i n v e s t i g a t i o n s  to the r a t ,  w e  were however, 
able to  observe t h a t  r e s t r a i n t  d i d  not always g i v e  rise to 
s t r i c t l y  ide f i t i ca l  r e a c t i o n s .  There is, i n  fac t  a t  least one 
circumstance where the  method's r e p r o d u c i b i l i t y  is wanting, as 
t h e  r e s u l t s  show a clear  drop i n  I e G i G i i  incidence:  when the 

r e s t r a in t  is repeated [ 2 ] .  

When w e  renew the  r e s t r a i n t  per iods  wi th  t h e  same series 
of an ima l s ,  t ak ing  c a r e  to  avoid as f a r  as p o s s i b l e  any n u t r i t i o n a l  
i npac t  of +he f a s t i n g  pe r iods ,  w e  observe a clear reduct ion i n  
the percentage of animals w i th  u l c e r s .  

Ce r t a in  el.ements l e a d  us  t o  th ink  that, "psychological 
decondi t ioning" r a t h e r  than phys io log ica l  adapta t ion  is involved. 

Technicrue 
1. Repeeted R e s t r a i n t  (139 she - ra t s j  . 

After  t h e  i n i t i a l  r e s t r a i n t  per iod  of twenty-four hours ,  t h e  
animal,  i n s t e a d  of being s a c r i f i c e d ,  is s e t  free f o r  f o r t y -  
e i g h t  hours i n  a communal cage wi th  normal feed.  Af t e r  this time 
i t  undergoes a second r e s t r a i n t .  I t  can then e i t h e r  be sacri- 
f i c e d  o r  released temporar i ly  for arAother f c r t y - e i g h t  hours u n t i l  
t h e  next  t e a t .  
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W e  experimented 03 t h r e e  barches d f  animals conta in ing  
about f i f t y  rats each, undergoing, r e s p e c t i v e l y ,  t w o ,  t h r e e ,  and 
four  per iods  of c o n s t r a i n t  before  being s a c r i f i c e d  (series R2, 
R3, and R4). 

A q u a n t i t a t i v e  eva lua t ion  of the release reaction was per- 
formed according t o  t h e  technique descr ibed  f o r  some of t h e s e  
an ima l s .  

Examination of t h e  stclmach a f t e r  s a c r i f i c e  raises d i f f i c u l t  
problems. I t  w a s  s t a t e d  i n  a p r i o r  ar t ic le  [SI that  a f u l l  
u l c e r  cu re ,  a f t e r  a twenty-four-hour c e s s a t i o n  of r e s t r a i n t ,  w a s  
c e r t a i n  only p a s t  the n i n t h  day afs-ir release. 
after t h e  second r e s t r a i n t  per iod  was on the f o u r t h  day, still  
tak ing  t h e  end o f  the f i r s t  r e s t r a i n t  as the p o i n t  of d e p a r t u e . .  
I n  theory ,  t hus ,  t h e r e  is i n t e r f e r e n c e  between the lesims pro- 
duced by t h e  success ive  res t ra ints .  

Now, t h e  sacrifice 

Indeed, w e  i nd ica t ed  t h a t  it is possible to  d i s t i n g u i s h  
the  s t a g e  of l e s i o n  macroscopically ( r e c e n t  acu te  u l c e r ,  
c i c a t r i z i n g  u l c e r ,  etc.);  moreover, on the f o u r t h  day, depending 
on t h e  first r e s t r a i n t ,  a maximum o f  only  1 0 %  a c u t e  l e s i o n s  
persists. W e  can thua say  t ha t  t h e  major i ty  of the acute u l c e r s  
observed i n  series R2 depend on this second r e s t r a i n t .  This 
reasoning seemed a l l  the  more v a l i d  for  a l l  t h e  series of  
repeated res t ra ints  as sources  of error act  to  i n c r e a s e  t h e  
frequency of lesion. As our  r e s u l t s  show ( w e  s h a l l  see) a 
decrease o f  t h i s  frequency, disappearance of any error could only  
make ou r  r e s u l t s  s t i l l  more s i g n i f i c a n t .  

-- 

To conclude this t e c h n i c a l  preamble, w e  w i l l  t hus  state t h a t  
w e  cen tered  ou r  a n a l y s i s  o n t h e  frequency of r e c e n t  acute ulcers. 

2 .  Controls (10 she-rats) . 
jecced t h e  animals t o  twenty-four hours of t o t a l  f a s t  separa ted  
by forty-eight-hour phases of normal feeding. The rats were 

To eva lua te  any in f luence  of t h e  n u t r i t i o n a l  factor, we sub- 

15 



isola'sed by group. Three such per iods were t raversed .  Inskead 
of a f o u r t h  pe r iod ,  a t r u e  r e s t r a i n t  was made, a f t e r  which the 
animals we:-e sacrificed. - f 5 7 8  

TABLE I1 

Resul t s  
1. -c Ulcexative Frequency 

The r e s u l t s  are shown 
f requen. zy of acute  u l c e r s  

/578 
i n  T a b l e  XI. It appears t h a t  the 
diminishes  as r e s t r a i n t  is repeated.  

The phenone,lon is e' a t i s t i c a l l y  s i g n i f i c a n t  (p = 0.001) e 

The i n s r e a s e  i n  t h e  percentage of c i c a t r i z i n g  u l c e r s  Seems 
also t o  depend on r e i t e r a t i o n ,  but in a much more p roba t ive  
manner. T h i s  is  ev iden t ly  a r e s u l t  of the r e l e t i v e l y  small 
number of scu te  ulcers i n  series R3. The frequency o f  unaf fec ted  
stomachs c l e a r l y  imreases i n  series R4. 

Mareuver it Ss ev iden t  t h a t  rhythmic f a s t  gives no pro- 
t e c t i o n  from 1 . s t r a i n t  u l ce r .  

16 



tooL91h 

0 1  

V 
- 0  

Figure 8, Repeated r a s t r a i n r  and frequeacy of g a s t r i c  l e s i o n  

2.  N u t r i t i o n a l  E f f e c t s  
We w i l l  simply give, by way of i n d i c a t i o n ,  t h e  weight loss 

(as a percentage of i n i t i a l  weight) i n  various series, calcu-  
l a t e d  from t h e  groups of t e n  to t h i r t y  animals. Remember t h a t  
our ra ts ,  of the female sex, o r i g i n a l l y  weighed between 140 and 
190 go 

Standard res t ra int :  9.4% 
R e s t r a i n t  to various volumes : 

360 ml: 13% 
560 ml: 10% 
760 m l :  10.7% 
1260 ml: 9% 
7350 m l :  10 .2% 

Repeated r e s t r a i n t  
R2  : 14.5% 
R 3  : 17.8% 
R4 t 19.2% 

Controls  (rhythmic fast af te r  las t  restraint)  : 17.9% 



3. Release Reaction 

80% of  r a t s  between 
n - and - n a t t a c k  No. 

40 106 - 260 
1 7  100 - 350 
20 70  - 400 
18 75 - 260 

The a g i t a t i o n  was recordec? only  for t h e  f i rs t  f o u r  hour s .  

50% of r a t s  between 
n - and - n a t t a c k  

125 - 225 
150 - 325 
125 - 375 
125 - 275 

Series 

Standard r e s t r a in t  
S e r i e s  R2 
Series R3 
Series R4 

Tnus, a t  least  f o r  the f i r s t  fou r  hours of r e s t r a i n t ,  re- 
peat.ng does n o t  l ead  to  motor incurement. On t h e  con t r a ry ,  it 
seems t h a t  t h e  number of animals w i th  an  i n t e n s e  release r e a c t i o n  
i s  p a r t i c u l a r l y  high i n  series R2 and R3. 

I n t e r p r e t a t i o n  
The repeated r e s t r a i n t  was undertaken i n  the beginning t o  /579 

induce chronic  g a s t r i c  u l c e r a t i o n s ,  and t h e  r e s t r a i n t  per iods  
could appear as t h e  equ iva len t  of u l c e r  growth. 

The r e s u l t s  were t h e  reverse of  what w e  expected and 
focused our  i n t e r e s t  i n  q u i t e  another d i r e c t i o n .  

The reduct ion  i n  the frequency of a c u t e  ulcers when re- 
s t r a i n t  is repea ted  i s  evident .  This was d e s p i t e  s u b s t a n t i a l  
ma lnu t r i t i on  which appears respons ib le  for  t h e  high m o r t a l i t y  
observed i n  series R3 and R4. 

What i s  t h e  reason f o r  t h i s  d e c l i n e  i n  f r e q u e n q ?  
f i r s t  hypothesis  would be t h a t  the i n t e r m i t t e n t  f a s t  engendered 
by t h e  repeatcd r e s t r a i n t s  could act e i t h e r  by diminishing 
organic  r e a c t i v i t y  by ma lnu t r i t i on ,  o r  bl causing endocrixious 
or o t h e r  adapta t ion .  

The 

The r e s u l t s  of t h e  c o n t r o l  series c o n t r a d i c t  both these 
assumptions: 
i s  almost i d e n t i c a l  (17.9% as a g a i n s t  19.2%) whi le  the J l c e r a t i n g  
frequency is c l e a r l y  (and s t a t i s t i c a l l y )  d i f f e r e n t  (70% a g a i n s t  
2 5 % ) .  

by comparison w i t h  series R4, t h e  drop i I weight 
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Another hypothesis ,  towards which w e  conducted c u r  previous 
tests, involves  a psychological  phenomenon. A t  f i rs t  s i g h t ,  t h e  
s l i y h t e s t  s e n s i t i v i t y  (or r e a c t i v i t y )  t o  t h e  " r e s t r a i n t "  s t imulus  
should be manifested by a reduct ion  i n  a g i t a t i o n ,  which is no t  
the case. 

But w e  have a l r eady  shown t h a t  release r e a c t i o n  and u l c e r  
frequency a r ?  q u i t e  independent of cne another ;  t h a t  certain 
ra t s ,  i n  p a r t i c u l a r ,  d i e  very quick ly  i n  a s ta te  of i n e r t i a ,  and 
w e r e  affect2d w i t h  s u b s t a n t i a l  g a s t r i c  l e s ions .  

Converszly, i t  seems t h a t  c e r t a i n  animals are coxcpletely 
i m u n e  to  t k  restriction imposed. An argument i n  this d i r ec t ion  
is  suppl ied by the percentage of  normal stomachs i n  va r ious  
series. Thus, on the th i rd  day a f te r  r e l e a s i n g  a 24-hour re- 
s t r a i n t ,  w e  f i n d  20% normal stomachs. This  percentage r e p r e s e n t s  
stomachs unaffected bi  r e s t r a i n t  ( 1 4 % )  and inconsequent ia l  lesions 
which would be r a p i d l y  cared. The imposi t ion of a second re- 
s t r a i n t  i n  t h i s  th i rd  day (series R2) only  b r ings  down t h i s  per- 
centage to  15.28, i.e. t o  t h e  percentage of unaf fec ted  stomachs 
a t  t h e  i n i t i a l  r e s t r a i n t .  This r e s u l t  is only possible if the 
stomach i n j u r e d  a t  t h e  second r e s t r a i n t  were p r imar i ly  i n  an i -  
mals who had s u f i e r e d  t h e  first res t ra int .  Conversely, it does 
s e e m  t h a t  thz major i ty  of r a t s  who d i d  n o t  react t o  t h e  f i r s t  
s t imulus d id  n o t  react t o  the second either; they are thus 

spontaneously r s f r a c t o r y  s u b j e c t s .  

For series R3 and R4 t h e  a n a l y s i s  is more complex s i n c e  the 
phenomena overlapped, b u t  also argues i n  t h i s  d i r e c t i o n .  

A t  any even t ,  w e  can b r ing  no d e f i n i t i v e  argument t o  bear  
i n  'wor of "psychological  decondi t ioning" caused by repea ted  
res t ra int .  W e  w i l l  simply say t h a t ,  given the importance of 
the "imposed restriction" st imulus i n  the genes is  of r e s t r a i n t  
u l c e r ,  t h i s  decon2i t ioning is a l t o g e t h e r  p l a u s i b l e .  
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F i n a l l y ,  we w i l l  p o i n t  o u t  t h a t  Brodie, p r a c t i c i n g  d a i l y  
(18 o u t  of  24 hours) repeated r e s t r a i n t ,  observed a f rank  
aggravat ion of l e s i o n s  and appearence of u l c e r s  on the rumen. 
This  technique ( l i k e  t h a t  of psychogenic u l c e r  tests on the r a t  
by Levrat  and Lamber t  [ 1 2 ] )  involves  s u b s t a n t i a l  m a l n u t r i t i o n  
s i n c e  t h e  f a l l  i n  weight i s  22% on 'he second day and 30% on 
t h e  fou r th .  A t  t h i s  s t a g e  t h e  droF i n  o rgan ic  r e s i s t e n c e  seeiAs 
to  us t o  p lay  an ev ident  f a c i l i t a t i n g  role. 

I V .  GENERAL CONCLUSION 

Psychological f a c t o r s  i n  t h e  r e s t r a i n t  u l c e r  were demon- 
strated i n  var ious  ways, and t h e  arguments brought t o  bear are 
of unequal value.  

the frequency of u l c e r a t i o n .  This  i s  t r u e  i n  p a r t i c u l a r  for  
the rhythm of t h e  a g i t a t i o n  periods marking t h e  release reac t ion .  
This is also t r u e  f o r  t h e  weignt loss observed dur ing  r e s t r a i n t ,  
and for t h e  mor t a l i t y .  

A. The animal 's  genera l  reactions have no c o r r e l a t i o n  w i t h  

I 

We cannot say ,  as w e  did no t  s tudy t h e  p o i n t ,  whether this 
is a l s o  t r u e  for adrenal  hypertrophy and thymus reduct ion  which, 
according t o  Selye [14]  occur  i n  experimental  tests of this kind. 
We w i l l  no t e ,  however, t h a t  t h e  absence of p r o t e c t i v e  p o w e r  of 
t h e  hypophysectomy vis-a-vis  gastric u l c e r s  [ 6 1 ,  and the quan- 
t i t a t i v e  na tu re  o f  t h e  g a s t r i c  l e s i o n  response acccrding t o  the 
volume of restricted space,  do n o t  argue i n  f avor  of involve- 
ment of t h e  genera l  adap ta t ion  syndrome i n  r e s t r a i n  u l c e r  
genes is .  

B. The mathematical ly-establ ished correlation between 
volume of r e s t r i c t i o n  and u l c e r a t i v e  frequency seems to u s ,  
i n  fact, t h e  lead ing  argument i n  favor  of a psychological  pro- 
cess - Phys ica l  aqgression is t o t a l l y  suppressed. 



The psychogenic a c t i o n  I S  probably no t  exc lus ive ,  as t he  

r e s u l t s  on vagotomized animals show. The non-vagal e l emen t  could 
be endocrinous; bu t  it could also simply be ana ther  mode of 
response t o  the psychological  s t imulus .  Only l a t e r  tests w i l l  
t e l l  us .  

[580 

I t  seems t h a t  w e  have t h e  fol lowing causa l  series: imposed 
r e s t r i c t i o n  - psychogenic involvement - vagal  hype rac t iv i ty  
connected q u a n t i t a t i v e l y  t o  t h e  e x t e n t  of r e s t r i c t i o n .  

T h i s  vagal  h y p e r a c t i v i t y  unquestionably a f f e c t s  s e c r e t i o n  
as w e  have a l ready  shown [2-111. Is this i t s  only g a s t r i c  
e f f e c t ?  We & n o t  knQw. I n  any event  w e  w i l l  recall  that  these 
f a c t s  are very similar t o  c e r t a i n  observations by Dragstedt  [ 9 ] :  

i f ,  i n  a normal man, noc turna l  s e c r e t i o n  of twelve hours is  18.6 
mEq, it is 30 mEq i n  t h e  imprisoned normal man and 63 mEq during 
a duodenal u l c e r .  

S i m i l a r l y ,  it is c e r t a i n  t h a t ,  i n  man, a number of psycho- 
logical s i t u a t i o n s ,  co inc id ing  wi th  an u l c e r ,  are - l i t e r a l l y  or  
symbolical ly  - l i v e d  through l i k e  a r e s t r a i n t  [ 8 J .  

Thus it does indeed seem that  according to  its psychogenic 
element through vagal  t ransmiss ion ,  t h e  r e s t r a i n t  u l c e r  i s  more 
similar to  the  hcman s i t u a t i o n  than  any o t h e r  experimental  u l c e r  
technique. 

C. F i n a l l y ,  t h e  drop i n  u l c e r a t i v e  frequency according t o  
repea ted  r e s t r a i n t  on ly  takes on i t s  t r u e  i n t e r e s t  i n  t h e  l i g h t  
of t h e  przceding f a c t s .  

From t h e  psychological  viewpoint,  we are confronte? w i t h  
trrte ssde,:onditioning't. This however is mcre or less a func t ion  
of i nd iv idua l  or racl a1 f a c t o r s ,  which are inc reas ing ly  being 
r e l a t e d  t o  l e t h a l i t y .  
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